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1.  INTRODUCTION 
1.1  Background 

A  power  supply  that  can  also  provide  an 
independent  environmental  sating  signature  is 
needed  for  a  proximity  fuze  being  developed  for  the 
Multiple  Launch  Rocket  System  (MLRS).  The  fuze 
employes  a  low-voltage,  low-current,  high- 
impedance  complementary  metal-oxide- 
semiconductor  (CMOS)  timer  circuit  that  must  be 
powered  throughout  the  entire  flight  and  a  high- 
power  proximity  sensor  that  must  function  during 
the  last  few  seconds  of  flight.  The  timing  circuit 
delays  turning  on  the  proximity  sensor  until  5  to  7  s 
before  impact.  At  that  time  a  maximum  power  out¬ 
put  in  the  range  pf  3  to  5  W  at  0.2  A  is  required  to 
power  the  proximity  sensor  and  function  the  fuze. 
The  independent  environmental  safety  Is  needed 
because  MIL-STD-1316A/B  requires  two  indepen¬ 
dent  environmental  sensors.  Because  the  rocket  is 
nonspin,  spin  is  precluded  as  a  second  signature. 
The  first  signature  is  launch  setback. 

The  MLRS  rocket  already  has  a  time  fuze,  the 
XM445,  that  is  powered  throughout  the  trajectory 
by  a  fluidic  generator,  which  is  an  air-driven  power 
supply.  The  fluidic  generator,  developed  especially 
for  this  application,  is  a  vibrating-armature  device 
that  produces  an  ac  voltage  at  a  relatively  uniform 
frequency.  This  output  is  rectified  and  provides 
0.5  W  to  operate  the  timing  circuit.  At  launch  the 
frequency  of  the  ac  voltage  is  counted  by  the  arm¬ 
ing  system  to  provide  a  safe  separation  distance. 

The  fluidic  generator  must  survive  the  severe 
extremes  of  pressure  and  temperature  experi¬ 
enced  in  the  flight.  During  the  burning  phase,  the 
MLRS  rocket  attains  a  velocity  of  greater  than  3000 
ft/s  with  attendant  stagnation  pressures  of  150 
psia,*  and  stagnation  temperatures  of  1000  F.  This 
is  a  very  harsh  environment  for  the  generator  to 
withstand.  The  rocket  when  fired  for  maximum 
range  reaches  altitudes  above  60,000  ft,  where  the 
stagnation  pressure  decreases  to  1  psia,  and  the 
air  energy  needed  to  power  the  fluidic  generator 
even  at  the  0.5-W  level  is  marginal. 


*pounds  per  square  inch  (absolute):  (psi)  6.895  x  - 
(pascals). 


Several  design  features  enabled  the  generator 
to  withstand  these  environments  and  to  operate  the 
XM445  time  fuze  throughout  the  flight.  The  vibrat¬ 
ing  components  were  strengthened  by  using  two 
diaphragms  and  two  reeds.  Air  holes  were  included 
along  the  generator  rim  so  as  to  equalize  the  air 
pressure  from  front  to  back  and  thus  help  to  sup¬ 
port  the  diaphragm  during  the  initial  high-velocity 
portion  of  the  flight.  The  nozzle  and  resonator 
geometry  were  optimized  for  supersonic  flow  con¬ 
ditions  where  the  inlet  supply  pressure  and  flow  are 
minimal.  The  fluidic  generator  developed  in  the 
MLRS  time  fuze  programT2  hag  been  extensively 
tested  and  has  proven  to  be  highly  reliable  in  the 
laboratory  and  aboard  Zuni,  Zap,  Honest  John,  and 
MLRS  rockets.  The  XM445  fuze  is  presently  in 
limited  production.  Therefore,  the  fluidic  generator 
used  in  the  XM445  fuze  is  a  promising  baseline  in 
terms  of  ruggedness  and  prodiicibility  for  the 
desired  proximity  fuze  power  supply. 

The  main  objective  of  this  proximity  fuze  power 
supply  developmental  effort  is  to  increase  the 
power  output  of  the  XM445  fluidic  generator  tenfold 
without  reducing  its  ruggedness.  Advantage  can  be 
taken  of  the  requirements  that  (1)  the  high  output  is 
required  only  during  the  last  stage  of  descent 
where  air  energy  is  plentiful,  and  (2)  the  electrical 
energy  required  in  the  first  part  of  the  flight,  in¬ 
cluding  apex,  is  much  less  than  that  required  for 
the  original  time  fuze. 

A  further  objective  is  to  evaluate  the  effect  on 
the  power  supply  output  of  placing  an  antenna  for 
the  proximity  fuze  inside  the  ogive  where  it  oc¬ 
cupies  space  that  was  formerly  a  part  of  the  fluidic 
generator’s  interaction  region. 

The  fluidic  generator  already  developed  for  the 
MLRS  time  fuze  is  a  promising  candidate  for  this 
proximity  fuze  application  because  the  rocket  and 
trajectories  are  the  same  and  the  electrical  power 
requirements  are  less  during  the  high-altitude  por- 


^  Richard  L.  Goodyear  and  Henry  Lee,  Performance  of  the 
Fluidic  Power  Supply  for  the  XM445  Fuze  in  Supersonic  Wind 
Tunnels,  Harry  Diamond  Laboratories,  HDL-TM-81-4  (February 
1981). 

^Jonathan  E.  Fine,  Performance  of  Ram  Air  Driven  Power 
Supply  for  Proposed  High  Altitude  Rocket  in  Naval  Surface 
Weapons  Center  Supersonic  Wind  Tunnel,  Harry  Diamond 
Laboratories,  HDL-TM-80-31  (November  1980). 
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tions  of  flight,  where  only  the  timer  operates.  The 
major  development  considerations  were  to  modify 
the  coil  to  match  the  proximity  fuze  load  and  to  find 
a  suitable  space  within  the  ogive  for  the  antenna. 

1 .2  Description  of  Fiuidic  Generator 
Operation 

The  fiuidic  generator  converts  pneumatic 
energy  (ram  air),  avaiiable  aiong  the  fiight  trajec¬ 
tory,  into  electrical  energy.3  The  transformation  in 
energy  takes  place  in  three  distinct  steps: 
pneumatic  to  acoustical,  acoustical  to  mechanical, 
and  mechanical  to  electrical.  A  schematic  of  the 
device  is  shown  in  figure  1 .  As  can  be  seen,  ram  air 
passes  through  an  annular  nozzle  into  a  cone- 
shaped  cavity  whose  opening  is  concentric  with 
the  annular  orifice.  The  annular  jet  stream  issuing 
from  the  orifice  impinges  on  the  leading  edge  of  the 
cavity,  creating  an  acoustic  perturbation  which 
triggers  air  inside  the  cavity  into  resonant  oscilla¬ 
tion.  The  pulsation  of  the  air  within  the  cavity  in  turn 

O 

Car!  J.  Campagnuolo  and  Henry  C.  Lee,  Development  of  a 
High-Power  Fluidic  Generator  for  Hard-Structure  Munition 
(HSM)  Bomb,  Harry  Diamond  Laboratories,  HDL-TR-1988  (May 
1982). 


drives  a  metal  diaphragm,  clamped  along  its  cir¬ 
cumference  at  the  end  of  the  cavity,  into  vibration. 
The  vibratory  motion  of  the  diaphragm  is  transmit¬ 
ted  to  a  reed  via  a  connecting  rod.  The  reed  is  in 
the  airgap  between  the  poles  of  a  magnetic  circuit 
consisting  of  a  pair  of  permanent  magnets  between 
a  pair  of  magnetic  keepers.  The  reed,  made  of 
magnetic  material,  oscillates  in  the  airgap  at  the 
system  mechanical  resonant  frequency,  so  that  the 
magnetic  flux  passing  through  the  reed  alternates 
in  direction  as  the  reed  approaches  and  recedes 
from  the  opposite  poles  in  the  airgap.  The  resulting 
alternating  flux  induces  an  electromotive  force  in  a 
conducting  coil  around  the  reed.  The  power 
generated  is  mainly  a  function  of  the  rate  of  change 
of  the  magnetic  flux  density,  and  the  amplitude  of 
the  reed  excursion  in  the  airgap. 

1 .3  Program  Objectives 

The  objectives  of  this  program  were  (1)  to 
modify  the  MLRS  generator  such  that  it  would  pro¬ 
vide  24  V  into  a  120-Q  load  without  deteriorating  its 
other  performance  characteristics  (i.e.,  survival  at 
high  pressures  and  temperatures),  and  (2)  to  posi¬ 
tion  a  simulated  rf  antenna  around  the  generator 
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within  the  fuze  ogive  and  determine  its  effects  on 
the  generator’s  performance. 

2.  EXPERIMENTAL  METHODS 

The  fluidic  generator  currently  used  in  the 
XM445  fuze  was  designed  to  produce  maximum 
power  into  a  2000-Q  resistor  which  was  connected 
to  the  generator  in  series  with  a  0.022-mF  capacitor. 
The  coil  had  2500  turns  of  No.  36  gauge  wire.  To 
change  the  generator  so  that  it  would  produce  24 
Vdc  across  a  120-Q  load,  the  internal  impedance  of 
the  generator  was  reduced  so  that  it  better 
matched  the  120-Q  load.  To  accomplish  this  the 
coil  was  modified  so  that  it  could  pass  higher  cur¬ 
rent  (0.2  A)  at  lower  voltage  (24  V).  This  was  done 
by  increasing  the  diameter  of  the  wire,  which 
reduced  the  coil’s  internal  resistance  and  permit¬ 
ted  higher  currents.  When  the  wire  size  was  in¬ 
creased  the  number  of  turns  had  to  be  reduced 
(since  the  volume  of  the  coil  bobbin  is  fixed)  and  as 
a  consequence  the  induced  voltage  was  also 
lower.  To  attain  24  Vdc  across  120  Q  requires 
0.200  A.  The  coil  for  the  MLRS  generator  uses  No. 
36  gauge  copper  wire,  which  is  rated  at  0.035  A, 
clearly  inadequate  for  the  proximity  fuze  applica¬ 
tion.  Higher  current  ratings  can  be  obtained  by 
using  larger  diameter  wire.  However,  as  the  wire 
diameter  is  increased,  the  number  of  turns  that  can 
be  accommodated  on  the  bobbin  is  reduced.  As  a 
reasonable  trade-off.  No.  30  gauge  wire  (rated  at 
0. 1 44  A  continuous  duty)  was  selected.  This  permit¬ 
ted  up  to  a  maximum  of  550  turns.  To  determine  the 
optimum  number  of  turns  when  using  number  30 
wire,  three  different  coils  were  wound:  one  with 
450  turns,  a  second  with  500  turns,  and  a  third  with 


550  turns;  550  was  the  maximum  number  of  turns 
the  existing  bobbin  could  hold. 

To  determine  the  optimum  configuration  each 
coil  was  subjected  to  the  two-part  test  procedure 
described  below.  The  test  setup  is  illustrated  in 
figure  2.  First,  for  each  coil  configuration,  the 
fluidic  generator  internal  resistance  and  optimum 
matching  capacitance  were  measured  by  setting 
the  input  air  pressure  at  5  psig*  and  selecting  the 
load  resistance  and  capacitance  values  that  pro¬ 
duced  a  maximum  indication  of  output  power.  The 
external  matching  capacitance  and  internal 
resistance  for  each  coil  were  thus  determined.  The 
rms  voltage  across  the  resistor  was  read  and  the 
power  was  calculated  using  the  formula  P  =  V^/R.  It 
was  assumed  that  this  voltage  would  be  numerical¬ 
ly  equal  to  the  rectified  average  dc  voltage  at¬ 
tainable  with  an  equivalent  fuze  load. 

In  the  second  part  of  the  test  procedure  the 
generator  output  power  was  measured  at  5, 10,  15, 
and  20  psig  across  a  1 28-Q  load.  This  value  was  the 
available  wattmeter  setting  nearest  to  the  required 
120  Q  and  therefore  was  used  for  an  indication  of 
generator  performance.  In  general,  an  increase  in 
pressure  yields  an  increase  in  voltage,  and  the 
range  from  10  to  20  psig  corresponds  to  the 
pressure  expected  in  flight  where  proximity  sensor 
operation  is  required. 

The  first  coil  tested  had  550  turns  of  No.  30 
gauge  wire.  For  maximum  power  output,  the 
voltage  output  across  a  128-Q  resistor  when  con- 


*psi  (guage)  —  differential  pressure  above  ambient  at¬ 
mospheric  pressure  of  14.7  psia. 


Figure  2.  Test  circuit  used. 
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nected  to  the  generator  in  series  with  0.4-fiF  capac¬ 
itance  was  27 .5  Vrms  at  1 0  psig.  Vaiues  obtained  at 
5,  10,  15,  and  20  psig  are  shown  in  figure  3, 

The  same  test  procedure  as  above  was 
repeated  with  the  450-  and  500-turn  coiis.  The  ca¬ 
pacitance  was  varied  whiie  the  resistance  was  kept 
at  128  S.  The  coil  with  450  turns  required  a  0.6-/^F 
capacitance  for  maximum  power  output,  and  the 
coil  with  500  turns  required  a  0.5-f/F  capacitance. 
The  voltage  output  for  either  of  these  coils  was 
lower  than  the  one  with  550  turns  (see  fig.  3). 

From  the  above  results  the  coil  with  550  turns 
and  No.  30  wire  was  selected  for  the  generator  to 
meet  the  required  performance. 

Although  the  high-power  output  is  required 
from  the  fluidic  generator  only  during  rocket  de¬ 
scent,  a  low-power  output  into  a  high-impedance 
load  is  needed  during  the  entire  flight  to  operate  an 
electronic  logic/timer  circuit.  To  determine  the 
generator  power  when  operating  into  high- 
impedance  loads,  the  voltage  output  was 
monitored  over  a  5-  to  20-psig  pressure  range  for  a 
10-  and  100-k£2  load  each  in  series  with  a  0.4-ijF 
capacitor.  The  results  are  shown  in  figure  4.  The 
voltage  output  for  either  load  varies  from  31  V  at  5 


psig  to  59  V  at  20  psig.  The  fluidic  generator  pro¬ 
vides  to  the  10-kQ  load  93  mW  at  5  psig,  and  349 
mW  at  20  psig.  It  provides  less  power  to  the  100-kS 
load:  9.6  mW  at  5  psig  and  34.9  mW  at  20  psig. 

2.1  Effect  on  Generator  Output  When  Ogive 
Internal  Volume  is  Reduced 

It  has  been  proposed  that,  when  this 
power  supply  is  used  with  a  proximity  fuze,  the  fuze 
oscillator  antenna  and  associated  electronic  cir¬ 
cuits  be  located  in  the  unoccupied  space  within  the 
ogive  around  the  generator  resonator  cavity.  To 
determine  what  effect  this  can  have  on  generator 
performance,  an  aluminum  insert  that  simulates 
the  volume  to  be  occupied  by  the  antenna  elec¬ 
tronics  was  made  to  fit  around  the  resonator, 
thereby  reducing  the  internal  volume  of  the  ogive. 
Figure  5  (p  10)  shows  the  ogive  inserts  that  were 
tested. 

To  compare  performance  with  and 
without  the  aluminum  inserts,  data  were  taken  first 
with  an  unchanged  ogive  referred  to  as  “normal 
ogive,”  and  then  the  same  data  were  repeated  us¬ 
ing  an  aluminum  insert  within  the  ogive.  This  ogive 
is  referred  to  as  “ogive  with  reduced  volume.” 


Figure  3.  Effect  of  number  of  turns  in  coii  on  ioad  voitage. 
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Figure  4.  Fluidic  generator  performance  at  high  load  impedance. 


The  generator  used  with  the  normal 
ogive  testing  had  a  load  circuit  consisting  of  a 
128-Q  resistor  and  0.4-mF  capacitor.  When  testing 
with  the  ogive  with  reduced  volume,  the  load 
resistor  was  kept  at  128  but  the  capacitance  was 
adjusted  to  achieve  maximum  generator  output.  A 
test  of  the  normal  ogive  was  made  before  each  in¬ 
sert  configuration  was  tested  to  insure  that  the 
generator  performance  had  not  changed. 

Insert  A  of  figure  5  caused  a  reduction  of 
more  than  50  percent  in  output  voltage  at  all 
pressures  (see  fig.  6,  p  1 1).  It  was  found  that  by  reducing 
the  insert  height  and  by  increasing  the  inside 
diameter  the  loss  of  output  voltage  was  re¬ 
duced  (see  fig.  6).  Finally  the  dimensions  of  insert  B 
of  figure  5  were  selected  because  this  configura¬ 
tion  produced  the  least  loss  of  output  voltage  for 
that  configuration  shape.  (See  the  second  curve 
from  the  top  of  fig.  6.) 

Insert  C  of  figure  5  was  made  to  simulate 
an  antenna  along  the  outer  perimeter  of  the  ogive. 
Table  1  compares  voltages  obtained  with  the  nor¬ 
mal  ogive  volume  to  those  obtained  with  the  volume 
with  the  inserts  B  and  C  of  figure  5.  Note  that  the 
two  inserts  cause  a  reduction  in  voltage  output  of 


11  to  12  percent  at  10  psig.  However,  the  output 
voltage  at  and  above  10  psig  does  satisfy  the  re¬ 
quired  objective. 


Table  1.  Laboratory  Performance  of  Generator 


Pressure 

(psig) 

Output  voltage  (Vac  rms) 

Normal 

ogive 

Ogive  with 
insert  B 

Ogive  with 
insert  C 

5 

19.5 

18.0 

17.3 

10 

30.0 

26.4 

26.6 

15 

33.9 

33.4 

33.0 

20 

32.6 

34.0 

32.4 

2.2  High-Pressure  Test 

When  this  power  supply  is  used  in  a 
rocket  fuze  it  must  operate  at  maximum  inlet 
pressures  of  125  psig  (3000  ft/s  burn-out  velocity). 
The  configuration  with  the  normal  ogive  was  tested 
to  125  psig  and  yielded  at  that  pressure  27  Vrms 
across  a  1 28-Q  load.  A  test  with  insert  B  of  figure  5 
yielded  a  voltage  of  30.3  Vrms  at  125-psig  inlet 
pressure.  A  post-high-pressure  test  of  the 
generator  in  the  range  from  5  to  20  psig  assured 
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Figure  5.  Ogive  voiunne-reducing  inserts. 


that  the  generator  was  still  operational  and  that  its 
performance  had  not  been  affected  by  exposure  to 
the  high-pressure  environment. 

2.3  Flight  Profile  High-Pressure  Test 

Although  the  fluidic  generator  when  used 
with  a  proximity  fuze  is  required  to  operate  at  full 
power  only  during  the  last  few  seconds  of  flight,  it 
must  survive  the  pressures  encountered  through¬ 
out  the  flight.  To  evaluate  its  survivability  in  this  en¬ 
vironment,  a  test  was  devised  to  simulate  the 
highest  pressures  likely  to  be  experienced  by  the 
fluidic  generator  in  a  most  severe  trajectory  flight. 


The  pressure-time  profile  selected  to  simulate  the 
severe  flight  conditions  is  shown  in  table  2. 

The  generator  was  tested  in  the  ogive 
having  insert  C  (fig.  5),  and  its  output  across  a 
128-Q  load  (the  power  meter)  in  series  with  a  OA-i^F 
capacitor  was  monitored  while  the  inlet  pressures 
were  adjusted  manually  to  correspond  to  the  profile 
in  table  2.  The  output  voltage  was  monitored 
throughout  the  simulated  flight  and  it  was  at  least 
27  V  (rms)  above  12  psig.  After  the  test  the 
generator  was  inspected  to  assure  that  no  damage 
was  sustained  by  the  reed,  the  connector,  or  the 
diaphragm.  In  conclusion,  the  generator  experi- 


10 


INLET  PRESSURE  (PSIG) 


Figure  6.  Comparison  of  normal  ogive  volume  to  ogive  volume  reduced  by  several  inserts. 


enced  no  loss  in  performance  when  tested  in  a 
pressure  time  profile  that  simulates  the  most 
severe  flight  environment. 

The  use  of  the  128-Q  load  during  the  38-s  test 
was  an  overtest  of  the  current-carrying  capacity  of 
the  coil,  since  an  actual  rocket  mission  would  re¬ 
quire  the  0.200-A  level  to  be  maintained  only  for  the 
last  5  to  10  s  of  flight. 


Table  2.  Simulated  Flight  Profile 


Time 

(s) 

Inlet  pressure 
(psig) 

0 

0 

3 

125 

8 

100 

13 

70 

18 

50 

23 

35 

28 

30 

33 

25 

38 

0 

2.4  High-Altitude  Performance  Simulation 

Test 

Although  the  fuze  requires  maximum 
power  only  just  before  arrival  at  the  target,  the 
generator  is  required  to  remain  operational 
throughout  the  flight,  including  the  apex,  so  that  it 
can  provide  a  charging  voltage  to  capacitors  that 
power  a  timer  within  the  fuze.  The  apex  portion  of 
the  trajectory  is  considered  to  be  most  severe  on 
generator  performance,  in  that  air  energy  available 
for  the  generator  is  at  a  minimum.  Three  apex 
points  from  several  possible  flight  trajectories  were 
simulated  in  a  high-altitude  chamber.  The  chamber 
is  evacuated  to  the  ambient  pressures  at  the 
specified  altitude,  and  at  that  point  an  adjustable 
valve  is  used  to  control  the  air  supplied  to  the 
fluidic  generator.  The  air  velocity  and  density  are 
similar  to  values  that  occur  in  actual  flight.  Table  3 
shows  the  fluidic  generator  output  frequency  and 
voltage  obtained  at  the  Mach  numbers  and 
altitudes  that  correspond  to  the  selected  trajectory 
points. 
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Table  3.  High-Altitude  Performance  of  Generator 


Altitude 
(1000  ft) 

Mach 

Vrms 

Frequency 

(Hz) 

52 

1.24 

6.76 

1823 

65 

1.3 

3.96 

1802 

69 

1.3 

3.31 

1796 

From  the  table  it  can  be  seen  that  the 
generator  is  operational  at  the  selected  altitudes 
and  Mach  numbers.  At  least  3  V  (rms)  is  obtained  at 
Mach  1.3  and  69,000  ft  (a  worst-case  trajectory 
point)  with  a  128-S2  load.  This  corresponds  to  a 
power  level  of  85  mW,  which  is  sufficient  to  operate 
the  CMOS  timer/logic  circuitry  which  requires  less 
than  10  mW. 


3.  CONCLUSION 

A  fluidic  generator  that  can  generate  sufficient 
power  for  a  proximity  fuze  has  been  developed.  The 
generator,  a  modification  of  the  one  used  for  the 
MLRS,  produces  5  W  at  an  inlet  pressure  of  10  psig 


and  7  W  at  20  psig  into  a  120-S  lead.  To  achieve  the 
required  design  performance,  a  coil  containing  550 
turns  of  No.  30  wire  was  used.  In  addition,  the 
volume  around  the  resonator  was  filled  with  an 
aluminum  insert  to  simulate  the  fuze  transmitting 
'  antenna.  It  was  determined  that  the  insert  reduced 
the  voltage  output  by  11  to  12  percent  at  10  psig. 
The  reduced  voltage  still  met  the  design  objective. 

The  optimum  generator  design  was  tested  at 
pressures  of  125  psig  and  at  expected  high 
altitudes  (50,000-  and  69,000-ft  flight  conditions).  In 
addition,  laboratory  simulated  flight  tests  were  con¬ 
ducted  along  a  trajectory  deemed  worst  case  for 
this  particular  generator  design.  In  all  the  above 
tests,  the  generator  output  performance  met  the  re¬ 
quired  objectives. 

ACKNOWLEDGEMENT 

The  author  wishes  to  acknowledge  the  con¬ 
tributions  of  Mr.  Leroy  Hughes,  whose  insight  and 
enthusiasm  in  collecting  and  reducing  data  insured 
timely  completion  of  the  project,  and  Mr.  Jonathan 
Fine  for  his  constructive  comments  while 
technically  reviewing  and  editing  this  report. 


12 


DISTRIBUTION 


ADMINISTRATOR 

DEFENSE  TECHNICAL  INFORMATION 
CENTER 

ATTN  DTIC-DDA  (12  COPIES) 

CAMERON  STATION,  BUILDING  5 
ALEXANDRIA,  VA  22314 

COMMANDER 
US  ARRADCOM 

ATTN  DRDAR-LCS,  HAROLD  CHANIN-DSWS 
PROJECT  OFFICER 
BUILDING  94 
DOVER,  NJ  07801 

COMMANDER 

US  ARMY  RSCH  &  STD  GP  (EUR) 

ATTN  CHIEF,  PHYSICS  &  MATH 
BRANCH 

FPO  NEW  YORK  09510 
COMMANDER 

US  ARMY  ARMAMENT  MATERIEL 
READINESS  COMMAND 

ATTN  DRSAR-LEP-L,  TECHNICAL  LIBRARY 
ATTN  DRSAR-ASF,  FUZE  &  MUNITIONS 
SUPPORT  DIV 
ROCK  ISLAND,  IL  61299 

COMMANDER 

US  ARMY  MISSILE  &  MUNITIONS 
CENTER  &  SCHOOL 
ATTN  ATSK-CTD-F 
REDSTONE  ARSENAL,  AL  35809 

DIRECTOR 

US  ARMY  MATERIEL  SYSTEMS  ANALYSIS 
ACTIVITY 
ATTN  DRXSY-MP 
ATTN  DRXSY-RW,  WILLIS 
ABERDEEN  PROVING  GROUND,  MD  21005 

US  ARMY  BALLISTIC  RESEARCH  LABORATORY 
ATTN  DRAAR-TSB-S  (STINFO) 

ATTN  DRDAR-BLT,  TERMINAL  BALLISTICS  DIV 
ABERDEEN  PROVING  GROUND,  MD  21005 

US  ARMY  ELECTRONICS  TECHNOLOGY 
&  DEVICES  LABORATORY 
ATTN  DELET-DD 
FT  MONMOUTH,  NJ  07703 


' US  ARMY  MOBILITY  EQUIPMENT 

RESEARCH  &  DEVELOPMENT  COMMAND 
ATTN  DRDME~E 
ATTN  DRDME-EC  (2  COPIES) 

ATTN  DRDME-EA  (2  COPIES) 

ATTN  DRDME-EE  (2  COPIES) 

ATTN  DRDME^EM  (2  COPIES) 

ATTN  DRDME-MEP-D 


US  ARMY  MOBILITY  EQUIPMENT 

RESEARCH  &  DEVELOPMENT  COMMAND  (Cont'd) 
ATTN  DRDME-MEP-M 
ATTN  DRDME-MEP-T 
ATTN  ATZA-TSM-G  (2  COPIES) 

FT  BELVOIR,  VA  22060 

RELIABILITY  ANALYSIS  CENTER 
RADC  (RBRAC) 

ATTN  DATA  COORDINATOR/GOVT  PROGRAMS 
GRIFFISS  AFB,  NY  13441 

HQ  USAF/SAMI 
WASHINGTON,  DC  20330 

COMMANDING  OFFICER 
NAVAL  TRAINING  EQUIPMENT  CENTER 
ATTN  TECHNICAL  LIBRARY 
ORLANDO,  FL  32813 

ENGINEERING  SOCIETIES  LIBRARY 
ATTN  ACQUISITIONS  DEPARTMENT 
345  EAST  47TH  STREET 
NEW  YORK,  NY  10017 

AMES  LABORATORY 

DEPT  OF  ENERGY 

IOWA  STATE  UNIVERSITY 

ATTN  ENVIRONMENTAL  SCIENCES 

AMES,  lA  50011 

BROOKHAVEN 
DEPT  OF  ENERGY 

ASSOCIATED  UNIVERSITIES,  INC 
ATTN  TECHNICAL  INFORMATION  DIV 
ATTN  PHYSICS  DEPT,  5103 
UPTON,  LONG  ISLAND,  NY  11973 

DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
CENTER  FOR  RADIATION  RESEARCH 
WASHINGTON,  DC  20230 

DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
ATTN  LIBRARY 
WASHINGTON,  DC  20234 

DEPARTMENT  OF  ENERGY 
ALBUQUERQUE  OPERATIONS  OFFICE 
PO  BOX  5400 

ALBUQUERQUE,  NM  87115 

NATIONAL  OCEANIC  &  ATMOSPHERIC  ADM 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
ATTN  LIBRARY,  R-51 ,  TECH  REPORTS 
BOULDER,  CO  80302 


13 


DISTRIBUTION  (Cont ' d) 


DIRECTOR 

DEFENSE  ADVANCED  RESEARCH 
PROJECTS  AGENCY 
ARCHITECT  BLDG 
ATTN  MATERIALS  SCIENCES 
ATTN  ADVANCED  CONCEPTS  DIV 
ATTN  TARGET  ACQUISITION 
&  ENGAGEMENT  DIV 

ATTN  WEAPONS  TECH  &  CONCEPTS  DIV 
1400  WILSON  BLVD 
ARLINGTON,  VA  22209 

DIRECTOR 

DEFENSE  COMMUNICATIONS  ENGINEERING 
CENTER 

ATTN  TECHNICAL  LIBRARY 
1860  WIEHLE  AVE 
RESTON,  VA  22090 

DIRECTOR 

DEFENSE  INTELLIGENCE  AGENCY 
ATTN  DT-2,  WEAPONS  &  SYSTEMS  DIV 
WASHINGTON,  DC  20301 

DIRECTOR 

DEFENSE  NUCLEAR  AGENCY 

ATTN  TISI,  SCIENTIFIC  INFORMATION  DIV 

WASHINGTON,  DC  20305 

UNDER  SECRETARY  OF  DEFENSE 
FOR  RESEARCH  &  ENGINEERING 
ATTN  TEST  &  EVALUATION 
ATTN  RESEARCH  &  ADVANCED  TECH 
WASHINGTON,  DC  20301 

OUSDR&E 

DIRECTOR  ENERGY  TECHNOLOGY  OFFICE 
THE  PENTAGON 
WASHINGTON,  DC  20301 

OUSDR&E 

ASSISTANT  FOR  RESEARCH 
THE  PENTAGON 
WASHINGTON,  DC  20301 

DIRECTOR  APPLIED  TECHNOLOGY  LABORATORY 
AVRADCOM 

ATTN  DAVDL-ATL-TSD,  TECH  LIBRARY 
FT  EUSTIS,  VA  23604 

COMMANDER 

US  ARMY  ARMAMENT  RESEARCH  & 

DEVELOPMENT  COMMAND 
ATTN  DRDAR-FU,  PROJECT  MGT  PROJECT  OFC 
ATTN  DRCPM-CAWS,  PM,  CANNON  ARTILLERY 
WEAPONS  SYSTEMS /SEMI -ACTIVE 
LASER  GUIDED  PROJECTILES 
ATTN  DRCPM-SA,  PM,  SELECTED  AMMUNITION 
ATTN  DRDAR-TDS,  SYSTEMS  DEV  & 
ENGINEERING 


US  ARMY  ARMAMENT  RESEARCH  & 

DEVELOPMENT  COMMAND  (Cont'd) 

ATTN  DRDAR-LC,  LARGE  CALIBER  WEAPON 
SYSTEMS  LABORATORY 

ATTN  DRDAR-TDR,  RESEARCH  &  TECHNOLOGY 
ATTN  DRDAR-QA,  PRODUCT  ASSURANCE  DIV 
DOVER,  NJ  07801 

COMMANDER /DIRECTOR 
ATMOSPHERIC  SCIENCES  LABORATORY 
US  ARMY  ERADCOM 

ATTN  DELAS-AS,  ATMOSPHERIC  SENSING  DIV 
ATTN  DELAS-BE,  BATTLEFIELD  ENVIR  DIV 
ATTN  DELAS-BR,  ATMOSPHERIC  EFFECTS  BR 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 

PRESIDENT 

US  ARMY  AVIATION  BOARD 
ATTN  ATZQ-OT-CO,  TEST  CONCEPT  & 
OPERATIONS  DIV 
ATTN  ATZQ-OT-CM,  CONCEPT  & 

METHODOLOGY  BR 
FT  RUCKER,  AL  36360 

COMMANDER 

USARRADCOM 

BENET  WEAPONS  LAB  LCWSL 
WATERVLIET,  NY  12189 

COMMANDER 

US  ARMY  COMMUNICATIONS  COMMAND 
USA  COMMO  AGENCY,  WS 

WHITE  SANDS  MISSILE  RANGE,  NM  88002 

DEPARTMENT  OF  THE  ARMY 
CONCEPT  ANALYSIS  AGENCY 
8120  WOODMONT  AVE 
BETHESDA,  MD  20014 

COMMANDER /D IRECTOR 
CHEMICAL  SYSTEMS  LABORATORY 
ARRADCOM 

ATTN  DRDAR-CLJ-L,  TECHNICAL  LIBRARY  BR 
ABERDEEN  PROVING  GROUND,  MD  21010 

COMMANDER /D IRECTOR 
COMBAT  SURVEILLANCE 

&  TARGET  ACQUISITION  LABORATORY 
US  ARMY  ERADCOM 

ATTN  DELCS-S,  DIR  SPECIAL  SENSORS  DIV 
FT  MONMOUTH,  NJ  07703 

COMMANDER 

COMBAT  DEVELOPMENTS 

EXPERIMENTATION  COMMAND 
FT  ORD,  CA  93941 


14 


DISTRIBUTION  (Cont  *  d) 


COMMANDER 

US  ARMY  COMMUNICATIONS  &  ELECTRONICS 
MATERIEL  READINESS  COMMAND 
FT  MONMOUTH,  NJ  07703 

COMMANDER 

US  ARMY  COMMUNICATIONS  RESEARCH  & 
DEVELOPMENT  COMMAND 
ATTN  DRCPM-MSCS,  OFC  OF  THE  PM  MULTI - 
SERVICE  COMMUNICATIONS  SYS 
FT  MONMOUTH,  NJ  07703 

COMMANDER 

ERADCOM  TECHNICAL  SUPPORT  ACTIVITY 
ATTN  DELSD-L,  TECH  LIB  DIR 
FT  MONMOUTH,  NJ  07703 

DIRECTOR 

ELECTRONICS  TECHNOLOGY  & 

DEVICES  LABORATORY 
US  ARMY  ERADCOM 

ATTN  DELET-DT,  DIR  TECHNICAL  PLANS  & 
PROGRAMS  OFFICE 

ATTN  DELET-E,  DIR  ELECTRONIC  MATERIALS 
RESEARCH  DIV 
FT  MONMOUTH,  NJ  07703 

DIRECTOR  ELECTRONIC  WARFARE  LABORATORY 
ATTN  DELEW -V,  EM  VULN  &  ECCM  DIV 
FT  MONMOUTH,  NJ  07703 

PRESIDENT 

US  ARMY  FIELD  ARTILLERY  BOARD 
ATTN  ATZR-BDWT,  WEAPONS  TEST  DIV 
ATTN  ATZR-BDAS,  ARTILLERY  SPT  TEST  DIV 
ATTN  LIBRARY 
FT  SILL,  OK  73503 

DIRECTOR 

US  ARMY  HUMAN  ENGINEERING  LABORATORY 
ATTN  DRXHE-PC,  TECH  LIBRARY 
ABERDEEN  PROVING  GROUND,  MD  21005 

COMMANDER 

US  ARMY  MATERIEL  DEVELOPMENT 
&  READINESS  COMMAND 
ATTN  DRCDE,  DIR  FOR  DEVELOPMENT  &  ENG 
5001  EISENHOWER  AVE 
ALEXANDRIA,  VA  22333 

PRESIDENT 

US  ARMY  INFANTRY  BOARD 

ATTN  ATZB-IB-AT,  ANTI ARMOR  TEST  DIV 

FT  BENNING, .GA  31905 

COMMANDER 

US  ARMY  MATERIALS  &  MECHANICS 
RESEARCH  CENTER 

ATTN  DRXMR-PL,  TECHNICAL  LIBRARY 


US  ARMY  MATERIALS  &  MECHANICS 
RESEARCH  CENTER  (Cont '  d) 

ATTN  DRXMR-T,  MECHANICS  &  ENGINEERING 
LABORATORY 

ATTN  DRXMR-E,  METALS  &  CERAMICS 
LABORATORY 

WATERTOWN ,  MA  02172 
COMMANDER 

US  ARMY  MISSILE  COMMAND 
ATTN  DRCPM-RS,  GENERAL  SUPPORT 
ROCKET  SYS  (5  COPIES) 

ATTN  DRSMI-U,  WEAPONS  SYST  MGT  DIR 
ATTN  DRSMI-S,  MATERIEL  MANAGEMENT 
ATTN  DRCPM-RSE,  B.  CROSSWHITE 
ATTN  DRCPM-RSE,  B.  RICHARDSON 
ATTN  DRCPM-CF,  CHAPARRAL/FAAR 
ATTN  DRCPM-HD,  HELLFIRE/GLD 
ATTN  DRCPM-PE,  PERSHING 
ATTN  DRCPM-DT,  TOW  DRAGON 
REDSTONE  ARSENAL,  AL  35809 

DIRECTOR 

US  ARMY  MISSILE  LABORATORY 
USAMICOM 

ATTN  DRSMI-RPT,  TECHNICAL 
INFORMATION  DIV 

ATTN  DRSMI-RA,  CHIEF,  DARPA  PROJECTS 
OFFICE 

ATTN  DRSMI-RR,  RESEARCH  DIR 

ATTN  DRSMI-RE,  ADVANCED  SENSORS  DIR 

REDSTONE  ARSENAL,  AL  35809 

COMMANDER  &  DIRECTOR  OFC  OF  MISSILE 
ELCT  WARFARE 

ATTN  DELEW -M-ST,  SURFACE  TARGET  DIV 
ATTN  DELEW -M-TA,  TECH  &  ADV  CONCEPTS  DIV 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 

COMMANDER 

US  ARMY  NATICK  RES  &  DEV  COMMAND 
ATTN  DRDNA-T,  TECHNICAL  LIBRARY 
ATTN  DRDNA-U,  DIR  AERO -MECHANICAL 
ENGINEERING  LABORATORY 
NATICK,  MA  01760 

DIRECTOR 

NIGHT  VISION  &  ELECTRO-OPTICS 
LABORATORY 

ATTN  DELNV-AC,  ADVANCED  CONCEPTS  DIV 
ATTN  DELNV-SE,  MISSILES 

ATTN  DELNV-VI,  BATTLEFIELD  ENVIRONMENT 
FT  BELVOIR,  VA  22060 

DIRECTOR 

PROPULSION  LABORATORY 

RESEARCH  &  TECHNOLOGY  LABORATORIES 

AVRADCOM 

LEWIS  RESEARCH  CENTER,  MS.  106-2 
21000  BROOKPARK  ROAD 
CLEVELAND,  OH  44135 


15 


DISTRIBUTION  (Cont*d) 


DIRECTOR 

US  ARMY  RESEARCH  &  TECHNOLOGY 
LABORATORIES 
AMES  RESEARCH  CENTER 
MOFFETT  FIELD,  CA  94035 

US  CHIEF  ARMY  RESEARCH  OFFICE  (DURHAM) 

PO  BOX  12211 

ATTN  DRXRO-MS,  METALLURGY-MATERIALS 
DIV 

RESEARCH  TRIANGLE  PARK,  NC  27709 

DIRECTOR  RESEARCH  &  TECHNOLOGY 
LABORATORIES  (AVRADCOM) 

AMES  RESEARCH  CENTER 
MOFFETT  FIELD,  CA  94035 

OFFICE  OF  THE  DEPUTY  CHIEF  OF  STAFF 

FOR  RESEARCH,  DEVELOPMENT,  &  ACQUISITION 
ATTN  DIR  OF  7URMY  RES,  DAMA-ARZ-A 
DR.  M.  E.  LASSER 

ATTN  DAMA-ZE,  ADVANCED  CONCEPTS  TEAM 
ATTN  DAMA-WSA,  AVIATION  SYSTEMS  DIV 
ATTN  DAMA-WSW,  GROUND  COMBAT 
SYSTEMS  DIV 
WASHINGTON,  DC  20310 

COMMANDER 

WHITE  SANDS  MISSILE  RANGE 

DEPT  OF  THE  ARMY 

ATTN  STEWS -CE,  COMMUNICATIONS/ 

ELEC  OFFICE 

WHITE  SANDS  MISSILE  RANGE,  NM  88002 

COMMANDER 
EDGEWOOD  ARSENAL 

ABERDEEN  PROVING  GROUND,  MD  21005 
COMMANDER 

WATERVLIET  ARSENAL 
WATERVLIET,  NY  12189 

COMMANDER 

US  ARMY  ABERDEEN  PROVING  GROUND 
ATTN  STEAP-TL,  TECH  LIB 
ABERDEEN  PROVNG  GROUND,  MD  21005 

COMMANDER 

US  ARMY  ELECTRONICS  PROVING  GROUND 
FT  HUACHUCA,  AZ  85613 

COMMANDER 

US  ARMY  YUMA  PROVING  GROUND 
YUMA,  AZ  85364 

COMMANDANT 

US  ARMY  ENGINEER  SCHOOL 
ATTN  LIBRARY 
FT  BELVOIR,  VA  22060 


COMMANDANT 

US  ARMY  INFANTRY  SCHOOL 
ATTN  LIBRARY 
FT  BENNING,  GA  31905 

COMMANDANT 

US  ARMY  WAR  COLLEGE 

ATTN  LIBRARY 

CARLISLE  BARRACKS,  PA  17013 

COMMANDER 
US  ARMY  ORDNANCE 
CENTER  &  SCHOOL 

ABERDEEN  PROVING  GROUND,  MD  21005 

ASSISTANT  SECRETARY  OF  THE  NAVY 
RESEARCH,  ENGINEERING,  &  SYSTEMS 
DEPT  OF  THE  NAVY 
WASHINGTON,  DC  20350 

COMMANDER 

NAVAL  AIR  DEVELOPMENT  CENTER 
ATTN  TECHNICAL  LIBRARY 
WARMINSTER,  PA  18974 

COMMANDER 

NAVAL  AIR  SYSTEMS  COMMAND  HQ 
DEPT  OF  THE  NAVY 
WASHINGTON,  DC  20361 

SUPERINTENDENT 
NAVAL  POSTGRADUATE  SCHOOL 
ATTN  LIBRARY,  CODE  2124 
MONTEREY,  CA  93940 

DIRECTOR 

NAVAL  RESEARCH  LABORATORY 
ATTN  2600,  TECHNICAL  INFO  DIV 
WASHINGTON,  DC  20375 

CHIEF  OF  NAVAL  RESEARCH 
DEPT  OF  THE  NAVY 
ATTN  ONR-400,  ASST  CH  FOR  RES 
ARLINGTON,  VA  22217 

COMMANDER 

NAVAL  SHIP  ENGINEERING  CENTER 
WASHINGTON,  DC  20360 

COMMANDER 

DAVID  W.  TAYLOR  NAVAL  SHIP  R&D  CENTER 
BETHESDA,  MD  20084 

COMMANDER 

NAVAL  SURFACE  WEAPONS  CENTER 
ATTN  DX-21  LIBRARY  DIV 
DAHLGREN,  VA  22448 


16 


DISTRIBUT ION  (Cont  *  d ) 


COMMANDER 

NAVAL  SURFACE  WEAPONS  CENTER 
ATTN  X-22,  TECHNICAL  LIB 
ATTN  K-81,  J.  KNOTT 
WHITE  OAK,  MD  20910 

COMMANDER 

NAVAL  WEAPONS  CENTER 
ATTN  38,  RESEARCH  DEPT 
ATTN  381 ,  PHYSICS  DIV 
ATTN  3352,  J.  FRANCE 
CHINA  LAKE,  CA  93555 

COMMANDING  OFFICER 
NAVAL  WEAPONS  EVALUATION  FACILITY 
KIRTLAND  AIR  FORCE  BASE 
ALBUQUERQUE,  NM  87117 

DEPUTY  CHIEF  OF  STAFF 
RESEARCH  &  DEVELOPMENT 
HEADQUARTERS,  US  AIR  FORCE 
ATTN  AFRDQSM 
WASHINGTON,  DC  20330 

SUPERINTENDENT 

HQ  US  AIR  FORCE  ACADEMY 

ATTN  TECH  LIB 

USAF  ACADEMY,  CO  80840 

AF  AERO -PROPULS ION  LABORATORY 
WRIGHT-PATTERSON  AFB,  OH  45433 

COMMANDER 

ARNOLD  ENGINEERING  DEVELOPMENT  CENTER 

ATTN  DY,  DIR  TECHNOLOGY 

ARNOLD  AIR  FORCE  STATION,  TN  37389 

ARMAMENT  DEVELOPMENT  &  TEST  CENTER 
EGLIN,  AFB 

ATTN  AD/DLJF,  RICHARD  MABRY 

ATTN  AD/DLJ-I,  SHARON  LEE  (2  COPIES) 

ATTN  AD/DLJ-I,  CPT.  P.  ELLIS 
ATTN  AD/YXM,  C.  TEW 
EGLIN,  FL  32542 

MOTOROLA  G.E.G. 

8201  EAST  MCDOWELL  RD 
ATTN  BILL  MAULE  (2  COPIES) 

SCOTTSDALE,  AZ  85252 

CHIEF 

FIELD  COMMAND 
DEFENSE  NUCLEAR  AGENCY 
LIVERMORE  DIVISION 
PO  BOX  808 
ATTN  FCPRL 

ATTN  NON  NUCLEAR  WARHEAD  PROJECTS  OFFICE 
LIVERMORE,  CA  94550 


COMMANDER 

HQ  AIR  FORCE  SYSTEMS  COMMAND 
ANDREWS  AFB 

ATTN  TECHNICAL  LIBRARY 
WASHINGTON,  DC  20334 

AMES  RESEARCH  CENTER 
NASA 

ATTN  TECHNICAL  INFO  DIV 
MOFFETT  FIELD,  CA  94035 

DIRECTOR 

NASA 

GODDARD  SPACE  FLIGHT  CENTER 
ATTN  250,  TECH  INFO  DIV 
GREENBELT,  MD  20771 

DIRECTOR 

NASA 

ATTN  TECHNICAL  LIBRARY 
JOHN  F.  KENNEDY  SPACE 
CENTER,  FL  32899 

DIRECTOR 

NASA 

LANGLEY  RESEARCH  CENTER 
ATTN  TECHNICAL  LIBRARY 
HAMPTON,  VA  23665 

DIRECTOR 

NASA 

LEWIS  RESEARCH  CENTER 
ATTN  TECHNICAL  LIBRARY 
CLEVELAND,  OH  44135 

LAWRENCE  LIVERMORE  NATIONAL  LABORATORY 
PO  BOX  808 

LIVERMORE,  CA  94550 

SANDIA  LABORATORIES 
LIVERMORE  LABORATORY 
PO  BOX  969 

LIVERMORE,  CA  94550 

SANDIA  NATIONAL  LABORATORIES 
PO  BOX  5800 

ALBUQUERQUE,  NM  87185 

US  ARMY  ELECTRONICS  RESEARCH 
&  DEVELOPMENT  COMMAND 
ATTN  COMMANDER,  DRDEL-CG 
ATTN  TECHNICAL  DIRECTOR,  DRDEL-CT 
ATTN  PUBLIC  AFFAIRS  OFFICE,  DRDEL-IN 


17 


DISTRIBUTION  (Cont ' d) 


HARRY  DIAMOND  LABORATORIES 
ATTN  CO/TD/TSO/DIVISION  DIRECTORS 
ATTN  RECORD  COPY,  81200 
ATTN  HDL  LIBRARY,  81100  (3  COPIES) 
ATTN  HDL  LIBRARY,  81100  (WOODBRIDGE) 
ATTN  TECHNICAL  REPORTS  BRANCH,  81300 
(3  COPIES) 

ATTN  LEGAL  OFFICE,  97000 

ATTN  CHAIRMAN,  EDITORIAL  COMMITTEE 

ATTN  MORRISON,  R.  E. ,  13500  (GIDEP) 

ATTN  CHIEF,  21000 

ATTN  CHIEF,  21100 

ATTN  CHIEF,  21200 

ATTN  CHIEF,  21300 

ATTN  CHIEF,  21400 

ATTN  CHIEF,  21500 

ATTN  CHIEF,  22000 

ATTN  CHIEF,  22100 

ATTN  CHIEF,  22300 

ATTN  CHIEF,  22800 

ATTN  CHIEF,  22900 

ATTN  CHIEF,  20240 

ATTN  CHIEF,  34300 

ATTN  L,  COX,  00211 

ATTN  G.  POPE,  00211 

ATTN  S.  ELBAUM,  97100 

ATTN  P.  KOPETKA,  34600 

ATTN  N.  DOCTOR,  34600 

ATTN  F.  BLODGETT,  34600 

ATTN  P;  INGERSOLL,  34000 

ATTN  G.  NORTH,  47500 

ATTN  B.  WILLIS,  47400 

ATTN  R.  PROESTEL,  34600 

ATTN  H.  DAVIS,  34600 

ATTN  L.  HUGHES,  34600 

ATTN  M.  MCCALL,  34600 

ATTN  S.  ALLEN,  34600 

ATTN  J.  W.  MILLER,  34300 

ATTN  B.  GOODMAN,  42440 

ATTN  M.  FLOYD,  47400 

ATTN  C.  SPYROPOULOS,  22100 

ATTN  T.  MANOLATOS,  34400 

ATTN  L.  CARLIN,  34400 

ATTN  D.  BRIGGMAN,  34300 

ATTN  C.  CAMPAGNUOLO,  34600  (20  COPIES) 

ATTN  J.  FINE,  34600  (20  COPIES) 


18 


